The anaesthetist is responsible for the safety and well-being of the patient undergoing surgery and constitutes the best, and only completely indispensable patient monitor.
A patient monitor may be regarded as consisting of three components: I. A sensor which detects the parameter to be measured and generates an appropriate signal. 2. A svstem of data collection and organisation whi~h converts the signal into a recognisable and usable form. 3. A system which interprets and evaluates the information, and assesses whether it lies outside a predetermined range. Each component may be human, or may be some mechanical or electrical device. This then provides us with four classes of monitors (Table 1) . to be over-ridden in difficult circumstances or should there be any suspicion that they are malfunctioning.
Class I monitors
Class I monitors consist of the human senses. These are continually used to monitor the anaesthetic machine, the breathing circuit, the patient and relevant events in the operating theatre. Some of the more important parameters that sight is used to check and observe are listed in Table  2 .
Hearing may be used to detect the sounds of excess gas escaping from the circuit valve with spontaneous ventilation, and of circuit leaks and ventilator malfunctions during controlled ventilation. Hearing is also used to detect and discriminate between various audible alarms.
Touch may be used to detect pulse rate, rhythm, character and volume and to assess sweating, muscle tone and the 'feel' of the breathing bag. Smell may be used to check the nature and concentration of anaesthetic vapours, and whether there are any major leaks. Taste is not normally used.
Taken together these constitute a very comprehensive monitoring system. They are always present providing the anaesthetist is near the patient and has access to appropriate parts of the body.
Class II monitors
Class n monitors introduce a mechanical or electrical sensor to extend the anaesthetist's senses, and blood (given that interpretation may be influenced by ambient lighting, surgical drapes, peripheral perfusion and racial pigmentation). and constitute the next most important group of monitors. Class II monitors include the stethoscope, the tissue plethysmograph (pulse meter) and the sphygmomanometer.
The stethoscope allows continuous monitoring of the rate, rhythm and character of the heart beat and of the rate, distribution and character of breath sounds. Stethoscopes may be placed on the precordium or in the oesophagus, the former having the advantage of being better able to indicate intubation of the right main bronchus. The heart beat may change in character and in intensity with hypovolaemia, and breath sounds may change with the onset of bronchospasm. The anaesthetist has not in the past been able to move from the patient without disconnecting the stethoscope tubing but this has been overcome recently by telemetry, allowing the anaesthetist freedom of movement around the operating theatre, while remaining in auditory contact with the patient. The stethoscope should be viewed as a minimum monitoring standard for any anaesthetic procedure, but its continuous use may be displaced The pulse meter (tissue plethysmograph) constitutes a simple effective monitor of pulse rate and may be used, when an audible signal is present, as an alternative to listening continuously with a stethoscope; it is dealt with in detail elsewhere in this issue. Although changes in pulse volume may be indicated by alterations in amplitude of either visual or audible signals, care should be exercised in interpreting these. The pulse meter provides a 'beat by beat' indication that the circulation is adequate to perfuse the tissue in the region of the sensor. It may also provide an indication of abnormalities of cardiac rhythm.
A sphygmomanometer should be available on every anaesthetic machine and the cuff always applied during anaesthesia. To minimise errors in measurement, care must be taken to ensure correct size and application ofthe cuff. In conjunction with a pulse meter it allows convenient systolic pressure measurement. Sphygmomanometry is considered in more detail elsewhere in this issue. Blood pressure monitors from classes III or IV are best used during difficult or prolonged surgery, or when large variations in blood pressure are anticipated.
Class III monitors
Class III monitors detect the information collect the data, organise it and present it 'to the anaesthetist for interpretation. The anaesthetist may enable the monitor to interpret the data by setting alarm limits if these are available. Examples of monitors in this class are included in Table 3 . The indications, applications and limitations of each of these monitors are considered in more detail elsewhere in this issue. However, the human monitor is of vital and fundamental importance if these Class III and IV monitors are to be used properly. It is for the anaesthetist to check that the monitor is correctly calibrated, and that the sensor has been placed in the most appropriate position before the case begins. The efficacy of all these alarms relies on the anaesthetist setting them and then observing or listening for any visual or audible warnings.
Class IV monitors
Class IV monitors, having collected and organised the data, interpret it, and then present the evaluated data to the anaesthetist. independently of his or her control. Devices in this category are likely to increase in number as the use of microprocessors becomes more widespread. An example of a Class IV monitor is a feedback system whereby blood pressure may be controlled by a system using electronic pressure measurement which in turn activates a pump infusing a hypotensive drug. There is a gradual tendency for many manufacturers to convert Class III monitors to Class IV. This may be a desirable trend in order to reduce the amount of unnecessary information which the anaesthetist receives during the conduct of an anaesthetic, but there is a risk that the sensory input of the anaesthetist will be overloaded with multiple alarms. Although the monitoring device may be able to interpret and evaluate the data which is collected, the incoming data should be visible to the anaesthetist so that the progress of the patient can be followed and the interpretative skills of the anaesthetist may complement those of the monitor.
The human monitor
Mortality during anaesthesia in Australia which may be directly attributable to an avoidable anaesthetic mishap is estimated to be approximately I :25,000 to I: 30,000 MONITORING AND PATIENT SAFETY administrations I compared with figures quoted from overseas of I :5.000 to I: I 0,000. Since it may be assumed that less than half of these deaths would be prevented by increased levels of monitoring, one could reasonably recommend that expenditure to further reduce the incidence of anaesthetic mortality should be directed towards education, better ergonomic design of the anaesthetic workplace; universal use of Class I and 11 monitors. and the use of only selected Class III monitors. rather than the widespread supply of sophisticated monitors of Class IV. The important central theme in clinical monitoring is the use of human intelligence to monitor and determine whether a particular parameter lies outside acceptable limits, and if so, whether the parameter requires treatment. This requires consideration of many other factors. Only the human monitor can evaluate data with such a global approach, enabling the anaesthetist, whose highest priority is the safety of the patient, to administer and control anaesthesia which may be tailored to individual patient requirements. Continuous observation of the cardiovascular and respiratory systems of anaesthetised patients has been considered vital for patient safety since the earliest days of anaesthesia. Pulse meters and pulse oximeters can non-invasively provide continuous information that would not otherwise be available. The use of reliable, audible and visual displays and alarms increases patient safety, particularly when access is restricted or room lighting is reduced.
Pulse Meters and Pulse Oximeters
PULSE METERS Various devices have been used as pulse meters over the last 50 years, including mercury-in-rubber strain gauges, microphones, piezo-electric crystals, Doppler devices and photo-electric cells. I Pulse recordings using photo-electric finger Anaesthesia and Intensive Care, Vol. 16, No. 1, February, /988 plethysmography were first reported by Hertzman in 1937,2 and have since become commonplace; in 1986 a 'pulse meter' was used in 96% of all patients anaesthetised at the Royal Hobart Hospital.
Principle
A stabilised low-power light source and a photosensitive detector are applied to the patient's skin. usually over the terminal phalanx of a finger. The light source may typically be a 100 mw white incandescent globe with a broad wavelength emission peaking at 900 nm, or a 66 mw infrared photodiode of 940 nm wavelength.
The photo-sensitive detector is a light-dependent resistor or photodiode sensitive to the pulse meter's light source. This detector may be positioned beside or opposite the light source, thus receiving
